The aim of the present study was to verify the sensitivity to the carbon dioxide (CO 2 ) challenge test of panic disorder (PD) patients with respiratory and nonrespiratory subtypes of the disorder. Our hypothesis is that the respiratory subtype is more sensitive to 35% CO 2 . Twenty-seven PD subjects with or without agoraphobia were classified into respiratory and nonrespiratory subtypes on the basis of the presence of respiratory symptoms during their panic attacks. The tests were carried out in a double-blind manner using two mixtures: 1) 35% CO 2 and 65% O 2 , and 2) 100% atmospheric compressed air, 20 min apart. The tests were repeated after 2 weeks during which the participants in the study did not receive any psychotropic drugs. At least 15 of 16 (93.7%) respiratory PD subtype patients and 5 of 11 (43.4%) nonrespiratory PD patients had a panic attack during one of two CO 2 challenges (P = 0.009, Fisher exact test). Respiratory PD subtype patients were more sensitive to the CO 2 challenge test. There was agreement between the severity of PD measured by the Clinical Global Impression (CGI) Scale and the subtype of PD. Higher CGI scores in the respiratory PD subtype could reflect a greater sensitivity to the CO 2 challenge due to a greater severity of PD. Carbon dioxide challenges in PD may define PD subtypes and their underlying mechanisms. 
Introduction
The inhalation of high carbon dioxide (CO 2 ) concentrations has consistently been shown to provoke anxiety and panic attacks in panic disorder (PD) patients (1) (2) (3) (4) (5) (6) (7) . Among the numerous agents capable of inducing panic in patients with PD, CO 2 offers significant advantages. It is easily administered, well tolerated, and one of the most reliable panicogens (8) . The two most common methods used are prolonged (15 min) inhalation of 5% CO 2 and one or two vital capacity inhalations of 35% CO 2 and 65% O 2 . The 35% CO 2 technique has been found to differentiate between PD patients and controls, displaying marked specificity for PD (8) (9) (10) .
Briggs et al. (11) studied the descriptions of the latest severe panic attack of 1108 PD patients who were divided into two groups according to the presence of prominent respiratory symptoms. The group with promi- nent respiratory symptoms suffered more spontaneous panic attacks and seemed to respond better to imipramine, whereas patients with the nonrespiratory subtype suffered more situational panic attacks and seemed to respond better to alprazolam.
Biber and Alkin (12) used 35% CO 2 -65% O 2 as a challenge test in 51 PD patients, who were divided into respiratory (N = 28) and nonrespiratory (N = 23) subtypes by their symptom profiles. Twenty-two (79%) of the patients in the prominent respiratory symptom subtype and 11 (48%) of the patients in the nonrespiratory subtype group experienced a panic attack. Data suggest that respiratory PD subtype patients may be more sensitive to a CO 2 challenge, experiencing more panic attacks after inhaling this gas mixture according to the false suffocation alarm hypothesis (13) .
The objective of the present study was to determine the sensitivity to the CO 2 challenge test of PD patients with respiratory and nonrespiratory subtypes. Our hypothesis is that respiratory subtype patients are more sensitive to 35% CO 2 , having higher rates of panic attacks after inhaling it than nonrespiratory subtype patients.
Patients and Methods
We selected 27 PD subjects with or without agoraphobia at the Laboratory of Panic and Respiration, Federal University of Rio de Janeiro, who agreed to participate in this protocol. The diagnosis was made using the Structured Clinical Interview (14) for DSM-IV (15) . The study design of the investigation was explained to the patients and they signed a voluntary written informed consent to participate in the study. The protocol complied with the principles of the Declaration of Helsinki and was approved by our Hospital Ethics Committee.
To participate the subjects were required to be between 18 and 55 years of age and to report at least three panic attacks in the last two consecutive weeks before the first challenge test day. On the day of the tests a urine analysis was performed to determine the possible presence of drugs. Patients had been free of psychotropic drugs for at least one week and tested negative for benzodiazepines and other medications. They underwent physical examination and laboratory tests to ensure they were healthy enough to participate in the study. Exclusion criteria were the existence of any current mental disorder other than PD, a history of psychosis or bipolar disorder, epilepsy, pregnancy, substance abuse within the last 6 months and major medical disorders (uncontrolled thyroid, renal, hepatic, cardiac, pulmonary, or endocrinological diseases as determined by physical examination, vital signs, or laboratory tests).
The clinical symptoms of the most severe recent panic attack were assessed for each patient before the initial visit. The patients were classified into respiratory and nonrespiratory subtypes as described by Briggs et al. (11) . Respiratory subtype was considered to be present if at least four of the five respiratory symptoms were recorded as present (choking/smothering sensations; shortness of breath; chest pain/discomfort; numbness/tingling sensations; fear of dying).
As part of the challenge tests two mixtures were used: 1) 35% CO 2 and 65% O 2 , and 2) 100% atmospheric compressed air, 20 min apart under double-blind conditions. The order of the two challenges (35% CO 2 and atmospheric air) was randomized. The challenge tests were repeated after a 2-week period during which no participant in the study received any kind of psychotropic drug. They were asked to exhale as fully as possible, place the mask on their face, take a fast vital capacity breath, inhaling either the 35% CO 2 mixture or the atmospheric compressed air, holding their breath for 8 s and then exhale. Immediately after, they were asked to repeat the fast vital capacity breath and hold it again for 8 s. The same procedure was repeated after 20 min using the gas mixture not used previously. Subjects were informed that we wanted to assess their sensitivity to a carbon dioxide mixture and that they might experience some discomfort like headache, dizziness or symptoms of anxiety. The possibility of a panic attack was not mentioned in order to avoid a cognitive bias related to expectation.
To measure the panic anxiety level we used the Diagnostic Symptom Questionnaire (DSQ) (16) , adapted for DSM-IV (15) , in which the presence and level of discomfort of panic symptoms experienced after inhalations were rated on a 0-4-point scale (0 = none, 4 = very severe). On the basis of the DSQ, a CO 2 -induced panic attack was defined as follows: 1) the presence of four or more DSM-IV panic attack symptoms, 2) at least one DSM-IV cognitive panic symptom (i.e., fear of dying, losing control, or going crazy), 3) sensation of panic or fear resembling real-life panic attacks, and 4) agreement of two medical doctors that the patient had had a clinical panic attack. The DSQ was filled out before and a very short time after CO 2 inhalation, just as the patients were able to respond to the questions asked by the investigators. Anxiety symptoms sometimes were present in patients before the CO 2 challenge. Therefore, the diagnosis of a panic attack was considered only if the patients fulfilled the four criteria mentioned above. The Clinical Global Impression (CGI) and Hamilton Scale for Anxiety were also used in order to measure the severity of PD and anxiety level, respectively.
Data analysis
The differences between the respiratory and nonrespiratory groups with respect to age, PD duration, CGI and score on the Hamilton Scale for Anxiety were compared by the Mann-Whitney rank sum test, the sex differences between groups were compared by the chi-square test, and the differences between groups with respect to history of agoraphobia and the presence or absence of panic attacks after the CO 2 challenge were compared by the Fisher exact test.
Results
The patients were 15 women and 12 men with a median age of 39 years. In the respiratory subtype there were 8 women and 8 men with a median age of 33.5 years (25th percentile = 28.0, 75th percentile = 43.5) and in the nonrespiratory subtype there were 7 women and 4 men with a median age of 40.0 years (25th percentile = 38.0, 75th percentile = 45.0). There were no significant differences between groups in median age (P = 0.080, Mann-Whitney test). Chi-square analysis of the two subtypes showed no significant differences in sex distribution ( Table  1) .
The median duration of PD was 12 months in the respiratory subtype (25th percentile = 3.5, 75th percentile = 39.0; minimum = 1, maximum = 264) and 24 months in the nonrespiratory subtype (25th percentile = 21.0, 75th percentile = 102.0; minimum = 2, maximum = 324) (P = 0.390, Mann-Whitney test).
Nineteen patients (70.3%) met the DSM-IV criteria for PD with agoraphobia and 8 patients (29.6%) met the criteria for PD without agoraphobia. In the respiratory subtype 12 patients had agoraphobia and 4 had not, whereas in the nonrespiratory subtype 7 patients had agoraphobia and 4 had not (P = 0.670, Fisher exact test). The median CGI of the respiratory subtype was 5 (25th percentile = 5, 75th percentile = 6; minimum = 4, maximum = 6) and the median CGI of the nonrespiratory subtype was 4 (25th percentile = 3, 75th percentile = 5; minimum = 3, maximum = 5) (P = 0.014, Mann-Whitney test). In the respiratory subtype the median score on the Hamilton Scale for Anxiety was 28.5 (25th percentile = 24.0, 75th percentile = 31.0) whereas in the nonrespiratory subtype this median score was 23.0 (25th per-centile = 20.0, 75th percentile = 27.0). There were no significant differences between groups (P = 0.110, Mann-Whitney test).
After the first CO 2 challenge 15 of 16 (93.7%) respiratory PD patients and 5 of 11 (43.4%) nonrespiratory PD patients had a panic attack (P = 0.009, Fisher exact test). After the second CO 2 challenge, 2 weeks later, 14 of 16 (87.5%) respiratory PD patients and 5 of 11 (43.4%) nonrespiratory PD patients had a panic attack (P = 0.0332, Fisher exact test). No patient had a panic attack when inhaling atmospheric air. Seven patients of the respiratory subtype and 2 of the nonrespiratory subtype had a panic attack before 8 s of CO 2 inhalation.
Discussion
Respiratory PD subtype patients were more sensitive to CO 2 , having higher rates of panic attacks than the nonrespiratory subtype, in agreement with data reported by Biber and Alkin (12) . Only one patient had a panic attack during the first CO 2 challenge and not during the second one (Table 1 ).
Klein's theory (13) could be an alternative explanation for our results. He proposed that panic attacks may occur when the brain's suffocation monitor erroneously signals a lack of useful air, maladaptively triggering an evolved suffocation alarm system. Such dysfunction would make an individual vulnerable to "false suffocation alarms", namely panic attacks. CO 2 sensitivity might be higher in respiratory PD subtype patients and would be an aspect of a hypersensitive suffocation detector.
There was agreement between the severity of PD measured by CGI and the type of PD. The median CGI of the respiratory subtype was 5, whereas in the nonrespiratory subtype the median CGI was 4. PD patients of the respiratory subtype had more severe panic symptoms when compared to the nonrespiratory subtype. The severity of PD Table 1 . Clinical and demographic data of the patients (N = 27). could also make patients of the respiratory subtype more sensitive to CO 2 . On the other hand, the higher CO 2 sensitivity in the respitatory PD subtype patients might actually reflect an increased severity of this group (measured by the CGI). A previous report (17) described that the presence of agoraphobia and the greater severity of PD could increase the positive response to the CO 2 challenge test (resulting in panic attacks). Perna et al. (5) reported that there was no relationship between CO 2 reactivity and the severity of panic-phobic symptomatology. It is important to assume that CGI is a nonspecific scale of mental illness severity. In our study there was no agreement between the existence or severity of agoraphobia and the subtype of PD. According to DSM-IV (15), PD may involve respiratory symptoms such as dyspnea, and choking/smothering sensations. Briggs et al. (11) reported that the physical symptoms may be similar among individuals, and that an appropriate distinction based on symptoms is the presence or absence of prominent respiratory symptoms (choking/ smothering sensations; shortness of breath; chest pain/discomfort; numbness/tingling sensations; fear of dying).
Respiratory symptoms may play an important role in real-life panic attacks and in CO 2 -induced panic attacks. In a subgroup of 20 PD patients (18) , using a vital capacity inhalation of 35% CO 2 , it was found that the symptoms of shortness of breath and choking were significantly correlated with subjective anxiety, suggesting a specific role of respiratory symptoms in PD.
Respiratory panic subtype patients are more sensitive to CO 2 , having higher rates of panic attacks than patients with the nonrespiratory subtype. Carbon dioxide challenges in PD may help define PD subtypes and their underlying mechanisms. The characterization of PD subtypes through a CO 2 challenge may be useful in elucidating biological features, course and response to treatment of anxiety disorders.
